5´-TCATGGCTTGCTTCAAGTGC-3´
Cpt1a Carnitine palmitoyltransferase 1a,
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SUPPLEMENTAL EXPERIMENTAL PROCEDURES

Determination of estrus cycle stages
Female rats were monitored for estrus cycle by daily vaginal cytology, and only rats with at least two consecutive regular 4-days estrus cycles were used in expression analyses, as previously reported (Vigo et al., 2007) .
Implantation of intracerebroventricular cannulae
Chronic intracerebroventricular (ICV) cannulae were implanted under ketamine/xylacine anesthesia, as described previously and correct positioning in the 
Implantation of microdialysis probes and central treatments
Rats were placed in a stereotaxic frame (David Kopf Instruments; Tujunga, CA, USA) under ketamine/xylazine anesthesia. Bilateral microdialysis probes were placed in the VMH as previously reported (Liu et al., 2013) . The coordinates for the ICV probe were AP: 0.6mm, lateral: 1.5mm and ventral 3.5mm from the surface of the dura and for the VMH AP: 2.5mm, lateral: 2.0mm (angled at 10°) and 9.0 mm ventral from the dura.
Microdialysis probes were implanted 1-week before the start of the experiment. The day before the experiment animals were connected to a metal collar which was kept out of reach from the rats by means of a counterbalanced beam. This allowed all manipulations to be performed outside the cages without handling the animals. 1 mg of 17β-estradiol (17β-E2; Sigma;, St. Louis, MO, USA) was dissolved in 1 ml pure DMSO and diluted 100 times with Ringer solution. Ringer's dialysis (3µl/min) in the VMH via the microdialysis probes was started at t=-60 min. At t=0 min 17β-E2 (10 µg/ml, 3 µl/min) or vehicle (Ringer with 1% DMSO, 3 µl/min) were infused by retrodialysis into VMH during a period of 180 min.
Stereotaxic microinjection
Rats treated with vehicle or E2 were placed in a stereotaxic frame (David Kopf Instruments; Tujunga, CA, USA) under ketamine/xylazine anesthesia. The ARC and the VMH were targeted bilaterally using a 25-gauge needle (Hamilton; Reno, NV, USA).
The injections were directed to the following stereotaxic coordinates: a) for the VMH:
2.4/3.2 mm posterior to the bregma (two injections were performed in each VMH), ±0.6 mm lateral to midline and 10.1 mm ventral; b) for the ARC -2.8 mm posterior (one injection was performed in each ARC), ±0.3 mm lateral to bregma and 10.2 mm ventral, as previously reported López et al., 2010; Whittle et al., 2012) . Viral vectors were delivered at a rate of 200 nl/min for 5 min (1 µl/injection site) as previously reported López et al., 2010; Martínez de Morentin et al., 2012; Whittle et al., 2012) .
Sample processing
In central treatments with E2 (ICV. ARC and VMH) animals were treated at 09:00 AM (one hour after the light cycle had commenced). Rats were killed by cervical dislocation. From each animal, the blood (for hormonal measurements), the whole hypothalamus, MBH, ARC, VMH, BAT, WAT, liver and muscle (for western blotting or malonyl-CoA assays) were immediately homogenized on ice to preserve phosphorylated protein levels or the whole brain (for in situ hybridization) was dissected, and stored at -80ºC until further processing. Dissection of the ARC and VMH was performed by micropunches under the microscope, as previously shown Varela et al., 2012) . The specificity of the ARC and VMH dissection was confirmed by analyzing the mRNA of their specific markers, namely SF1 and POMC Figure 4A) .
(Supplementary
Energy expenditure, locomotor activity, respiratory quotient, lipid utilization and nuclear magnetic resonance analysis
Rats were analyzed for energy expenditure (EE), respiratory quotient (RQ) and locomotor activity (LA) using a calorimetric system (LabMaster; TSE Systems; Bad Homburg, Germany), as previously shown (Nogueiras et al., 2007; Martínez de Morentin et al., 2012; Imbernon et al., 2013) . Rats were placed for adaptation for 1 week before starting the measurements. For the measurement of body composition, we used the nuclear magnetic resonance (NMR) imaging (Whole Body Composition Analyzer; EchoMRI; Houston, TX), as previously shown Martínez de Morentin et al., 2012; Imbernon et al., 2013) .
Sympathetic nerve activity recording
Multi-fiber recording of sympathetic nerve activity (SNA) was obtained from the nerve subserving BAT, as previously described (Rahmouni et al., 2004; López et al., 2010; Whittle et al., 2012; Imbernon et al., 2013) . Briefly, anesthesia was induced with ketamine/xylazine (91/9.1 mg/kg) and sustained with intravenous administration of α-chloralose (initial dose: 25 mg/kg; sustaining dose of 6mg/kg/h). Each rat, equipped with ICV cannula 1 week earlier, was intubated (PE-50) to allow for spontaneous respiration of oxygen-enriched room air. Body temperature was kept constant at 37.5 o C with a surgical heat lamp and a heat pad to ensure that the preparation is stable. The nerve subserving BAT was identified using a dissecting scope and then mounted on a bipolar 36-gauge platinum-iridium electrode (Cooner Wire Co., Chadsworth, CA, US).
The nerve electrodes were attached to a high-impedance probe (HIP-511, Grass Instruments Co., Quincy, Ma, US). The signal was amplified 10 5 times with a Grass P5
AC preamplifier, and filtered at both low (100Hz) and high-frequency (1000Hz) cut-off.
This amplified, filtered signal was then sent to a speaker system and oscilloscope Schneeberger et al., 2013) . The skin temperature surrounding BAT for each particular animal was calculated as the average temperature recorded by analyzing 6 pictures.
Hormone measurements
Absence of gonadal function was confirmed by increased LH serum levels measured using a double-antibody method and radioimmunoassay kits (supplied by Dr.
AF Parlow; National Institute of Diabetes and Digestive and Kidney Diseases National
Hormone and Peptide Program;, Torrance, CA) as reported (Vigo et al., 2007; Roa et al., 2009) . Rat LH-I-10 was labeled in-house with 125I using Iodo-gen® tubes (Pierce;
Rockford, IL, US). Hormone concentrations were expressed using the reference preparation LH-RP-3. The intra-and inter-assay coefficients of variation (CVs) were <8% and <10%, respectively. Circulating E2 levels were determined using a commercial ultra-sensitive RIA kit (Beckman Coulter; Brea, CA, US). The sensitivity of the assay was 2.2 pg/mL, and the intra-and inter-assay CVs were 8.9% and 12.2%, respectively.
Malonyl-CoA assay
The malonyl-CoA assays were performed as described López et al., 2008; López et al., 2010) .
Real-time quantitative PCR
Real-time PCR (TaqMan®, Applied Biosystems; Foster City, CA, USA; or SYBR® Green, Roche Molecular Biochemicals, Mannheim, Germany, for the BAT samples form the microdialysis experiments) was performed using specific primers and probes (Table S1 ) as previously described 
